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Before undertaking detailed discussion of the fuele for jet 
propulsion, a deseription of the various types of jet-=propulsion 
mechonicons and their uses is necessary to meke clear tha spesific 
fuel. requirenents of eseh type. Arbitrarily, we can classify jet- 
propelled devices as: 

(1.) Rockets 
(ae) solid provellents 
(b,} liquid propelients 
(2.) Aie=Otraem Jette 
(a.) athodyae 
(ve) impulse duete 
(c.) turbo jets 


The distinguichiag feature of mekote is thet they eerry both 
the {ver ew! the calditing ogent with whieh the Tucl fe burned. 

Theamel jet rocisete wing ealid fucls ere used to assizt in 
the take-off of flying bocts and land pienes oni alse are used 
to Inundh the "buts<bonb" type of missile, The units develop a 
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high thrust for « short time, but efter tho roaction is started 
it comaot be controlled. ‘Application to susteinod flight is there- 
throwing ebearges over short distances es in the “bazooka”, 
Control of the jot is poseible when liquid fuele are explored, 
as in tho ease of the Cermem LE-163 fighter, Tuel ond oxygen lost 
only a few mimstes 4f weed eontimeusly, but setunlly the ut~260 
eon stay in the ofr for e gomsidercbiec tine 7 soaring amt gliding, 
using the themand jet only in chert syrts, “eight of the equip- 
ment is light in proportion to the power whieh ean bo developed; 
the only equimment is sterege tentm for the fuel, meane to Coliver 
fuel to the burners, and the combustion chesber ond nosnte.” 
Rocket projectiles, ae distinguished from cireraft, ean meke 
mach more effective uso of the theme], jet. Aireraft which depend 
om wines for support are lisited in speed, while a vrojeetilc can 
more much faster thon the speed of sound ond can sttain high pro- 
piuisive efficiency as the reekot approaches tho jot apeci, Rockets 
would seam to have their chief application for flicht chove the 
etmos; ore, of 22 the caso of the V-E bomb, or for possible inter 
Plenstory trevel, [ith prosent fuals, tho weigat of propellant 
mecoseaney to tae a rocket projectile boyont the Infliuenes of the 
ecrth's orevity would hevye to be nearly niaety eight per cent of 
the initiol tote] weight. “hen fuels are developed witeh utilise 
atere energy, it will be possible to imoreve this figure greatly.” 
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AIR YREAM JET MECHANIC AND THEIR uss 

The general chereetoristie of air stream jets is thet the 
propulsive gas in taken in from the surrounding etwosphore, heated 
by « burning hydrocarbon, ead then exhausted at « higher velocity 
then thet of which it entered. 

One of thece, the cthodyd, is a suitably sheped duct equipped 
vith fuel burners whieh, instend of using e eompressor, relies om 
ran ecmpreasion. "rhe heeted gas is exhausted at a higher velocity 
then that at vhich it enters, thereby produeing a net reactive force, 
Am aizplene so equipped rast nosessarily be Leunched by muxdliery 
means to provide ran preseure,”” 

The inpules duct or intermittent jot ongine, like the athotyd, 
requires no eanpressor, “Eeployed in the Cenmm V-1 flying bomb 
and eleo produced in thie ecoumtry, the unit is aimply a tube about 
ten fect long with eo series of ehesk valves et the front end end 
open at the rosr, It operates on an intermittent eyele with a 
limited emoumt of compression resulting from the periodic surge 
of fleme beck oni forth in the tube, waieh resonates like an orgen 
pipe. Fuel is injeetod into the air as it streams past the cheek 
velves ville the flome is surging to the reer; shen the flene sunpes 
forword ogain, the pressure rise closes the chock yelves end tho 
mixture explodes.” 

Seoh airstream jet engine of the cbove tyes hes a eheraeter- 
ietie combination of fuel eeonany, high-oneed performmee, and 
type cf construction thet edepte it to certain eppiieations, Themel 
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efficiencies ere probably not over two per cent, but the unite 
weigh only about one-third of a pound per horsenower end ere in. 
eaxmpentive in construction, They are striutly eapeniable end cou- 
eexuently eppear to have epplicetion only os missiles. "The air 
stream type ef jet cuffers a decrease in thrust as the opereting 
aititaie inereaves because the mans of the air hustled dccrceses 
with deoreaping air density, Thus e unit thet doltvers a marisa 
Of como thousand pounds thrust et sea Level at a given speed may 
be expected to deliver only chout two hunived end fifty pounds 
thrust at forty thousand feet, possibly less, beeeuse of fixed 
losses om operating diffieulties, “bexwe ele Gousity ig ouffie- 
cut for satistestory operation, ml eat reasonable apeods, each 
of theee two types of thermal jet onginos to meh move cconzatest 
in fuel expenditace then is the rocket verieby,"? 

in the turbojet, the entering air ie compressed by e sotezy 
Commorsen, Deated ly the camfvustion of fucl at compressor pressure, 
reLessed through 2 gee turbine thet érives the sompreseor, ond 
then ejected et high velocity through the reac clreeted exheust 
nOeaLo, Its mein uso is lg cirplencs, 

LEQUID ROCKED FRGTRLINIS 

soverai chendeel ecystems fur wee es liquid fuels ta vhe prox 
pelsiog of cuckets ware studied in Commmy during tho rocent wer, 
“Selection of the cleniecls wes mele very laxgely on the cround 
of availability rather then desirability, Regh aysten hed two 
manin eoustituents, an oxidising agent end s fuel, The eonstituente 
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reseted chenieally in a combustion cheuber at 50-40 atmospheres 
presture, The products of canbustion drove tho rocket by pass-~ 
ing out through @ jot. 
eent nitride ceid with 5-10 per cent strong sulfurie neid added, 
liquid oxyren, which was difficult to hendle, 80-85 per cent byiro-~ 
gon pororide with or without sodium or enleium permanganate, ond 
esmoniun nitrate. The prinsipcl fucla considered were nethonel, 
ethena!, hypiranine tyédrete, hrdratine “lus methemol, 57 per eent 
sylidene plus 47 per cent tri-cthylamine, S-Rréromyquineline, fure 
fury! clechol, vinyl ethyl ether, gosoline, diesel of1, Optel (a 
hydrogenated Lienite ter fraction), end Ex nL (a mixture of Optecl, 
tetrahycrofuran, furfuryi alechol, smi enilinc), 

"A Sow mono«-fucl ersten were aleo studied, These ineluted 





G5=°95 rer cent methyl nitrate in methencl, camoniwai nitrete plus 
emenic, ommmic end nitrous oxide, and totra-nitromethene plus 
e solution of S-hyérexyquinoline in 80-06 por cent hyérogen per- 
omide. fone of these wee over developed to the point of Lange 
Secle avpliestion, sams being toa dangerous and sow weveileble 
under womtime conditions, The first mixture above wee considersd 
the most rromisinc, 

"Most of the rockets setually used wore pronolled eithor by 
a ecbination of Liquld oxygen ond methanol o> ctheol, or by mixed 
apld (S520 per eent muilfurie ae1d phas 95-90 per cont afltrie ecié) 
with on oxidizable substence. In the ease of the V0 rocket, the 
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eterting cycie was in three steps, First, pomsangenete renctod 
with hydregen peroxide giving superheated stom wileh drove a tur- 
bine connected to the pumps. The pume deliver bycrogen peroxide 
ond hydresine hylrcte in methanol solution to tho ecadustion 
chamber, where on instentencows, stroacly exotherafie reaetion oc- 
curred, when the reaction ohomber boeame hot enouch, the permene 
genate ed peroxide shut off cutometicolly om the rocket drive 
was taken over by the liquid oxreme-aleohol eabinetion. This 
eyatem ves eleo ured, in principle, in exrcerimentcl torredoon and 
wee engines tested for the tracitess trcpulsion of sutwrines for 
hich speed under weter. 

"In sommection with the recket progran, the most inportent 
of the cheaicale produced on e lemge Seale for the first tine was 
concentrated hydrogen peroxide, The usuel K-35 per eon’ commen 
cial solutions made by the poteseium pergulrhate, esaonium pertule 
phete and pergulpinaric eald oroceases wes brought up to -55 per 
cent strength by vesw22 eoncentration in two steges. In the first, 
the solution was vaporized continuously fron a rotor’ meintained 
at 73 per cent concontration anf the vapors, cfter passine throuch 
a soperator, were fractionally econfensed in na serubbing tower ar 
e 65 per cent product. This 65 per cent product was them fed into 
a second retort whieh was mainteined at 95 per cont. The rovors 
wore egein fractionally conieneed and the condensate returnad to 
tho retort, from whieh the finiehed product wes overflowed. If 

iy pure solution was required, the product wes drewm off 
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the bottom of the scrubber. Acidity wee adjusted with phosphorite 
acid. The product was of very high purity end stability. one 
Plent had a cepesity of 600 metrie tons per month; a second lent 
hei a eapaelity of 1,200 tona per months and a thind plent wes 
wuder construction with a projected capecity of 2,100 tons, 

"The nonslectrolytie processes wore being investicated be- 
came of the shortage of pletinum ond stainless ateol, One wos 
based on the paseage of hydrocen end oxyeen through a silent clee} 
trie discharge. The other was based on the reduction with hydrocen 
af kwethyl anthraquinone to L<ethyl, hodr iy Tollowed 
by oxidation to cesthy] enthaguinone end hydrogen neroxifie, Pilot 
Mantes bed been operated on both processes and a larco plat far 
the S-othyl anthraquinones process wee under construction in spite 
of cuplosion hosants encountered in the pilot plant.”2° 

im the United Ctates, definite progress hae been made in momnoed 
rooket-crait utilizing liquid propellents. A reeext Aray Air Foree 
Bair et Tright field hed on exhibition the 6,000 pound thrast 
sOsT, 206,000 end the 3,000 pound thrust X40AL.D-«3,000 units dee 
veloped by the ‘erojet Dngineoring Corporetion for the Amy Air 
Yoreo, Surning « spontencously ecmbustible :aixture of mnijine 
end red fuming nitrie ecid, these power plente may well pley a 
large pert in future military aizereft design.” 

The Geramn Walter 100-909, propelling unit of the Me-165, 
also ikmoum as the WUN~S09, uees Indrozen peroxide (G5 per cent 
acaseatrete) emi methyl alechol as pronellents, A 30 per cent 
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solution of hydrasine bydrate is eomtained in the mothanel to 
initiate combustion upon eazing in contest with the peroxide, 
Vae of thie chanics reaction to cause spontancous cacbustion of 
the propellants climinstes need for an olectrieal ignition systen, 
 Fower output ie controllable by a throttle in the coekeit. Settings 
of the lover ere “Off”, "Idling", emt three stages of power, vary~ 
ing from on extimeted 660 pounds thrust in low, to 5,900 ponds 
thrust in the high power setting. Cne lange fuselage tank end 
two anall cockpit tenka contein £70 gellions of the syrupy hyérogen 
peroxide, amd 1% gallons of hydrete-=nethemol solution ere cerriced 
in the wing tena. The fuel feod system is very siniler to that 
wsed in the V-2, A portion of the peroxide is drew: off end de- 
gampooed to drive a turoine on a etemm shalt with te wormetype 
propellent puans, The steam producer is a poreclain lined pressure 
vessel. containing a wire sereen on which are distributed pellets 
of ealoiua (or potessium) pemiengenate. Feeding a streen of por~ 
oxide over this eatalytie ogent results in violent deaaxposition 
into cuperneated steom ond pascous oazycen. These reaulteante are 
piped te the turbine nozzles and, ofter epinning the rotor, ere 
exhausted through e reetanguler weste nomle below the fuselage.” 
of the Coren Vel end oa method of launching was assiened to the 
ageyg (dy Foree, ‘ith the invasion of the Mormendy Coest, o eon 
plete Gersan leunehing syotem wee captured, diementled, shipped, 
end re-erected et Molin Field, Florida, The Gernens wed the 
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iiqadd chemical proyellente 0-00 per cent hydrogen peroxide and 
Celedun pemmenjenate or eedium pexmengenate eolutions. Little 

wes imow of the chersetoristies of lylrogen peroride chove 50 

per cent conecutration or of satiefuetory mothots of mumfeeture, 
kendling, and storece, Chenical Verfare -ervice was requested 

to undertake this development and initiated the rred Project with 
the specifie problem limited te the lawehing of the Air Forces 

da-2 Liging bo, 

“4S preliminary investigation led to the conclusion that three 
Aiquid chemioal propellant syetons shovld be investigated simul 
Sanoously, aemely, lyGrogen peroxide<permanganate, mononitronethene, 
end fuming nitrie atid-andiine, ‘8 Cevoloped lever, only the first 
aysten was found to be setisfaetery for immediate use. 


Genate sunt enter the motor before or at least ct the emne time 
a6 tho poroxide. Feroxldceverumnganate concentrations from 8 ta 
Ge per cent permeagenete ion heve been successfully weed with wide 
varietion im the rabio of pereride te pemmengenate volun, The 
Ceveloped pressure is greater oni ite durotion longer with the 
higher conecentretions of verozice,") 

TRO leek af imowledge of how to handle, store, end ship hy¢ro~ 
Gea pororide of move thea 50 per cent concentration necessitated 
the studies of stability end corrosion of conceutrated hydrogen 
peroside end caleiwn pormsangenage, Comaercial stool crunze wore 


a a ne we Te ote Paes Bete Ad ets 
DEL a ey ee SF SN Fe 
ee ee ee ee 

Ca OI 2 Ve SE ES asowree aes ee 
SS ee ee Lees en oS op 

A erm ke 6 ed Gam ie oh ce 
ow te ek ee Ler l eer Dam ae 
ao! 2S 

Te Or mee tl we hb Gears woe hh 
<6) ets — 46 OPER Rae E tems Leer Cleve 
A a a em ee 
We oS ~~ ee ee eee ee 
no Fee A A ee 

ae ae SO ee oe eee 
et em be ee Oe Oe 
<a a ee ie ee See ee OY Gow fee re 
cD ee Oe ee te ee 

One Wve a oe a res, 2 een, oe Ee 
A EEE. ee = Oh Ge GS CRAY 
ee ee i a 

| I symehemene Dy ember tienen talied 
ee ee 
eA ae er ee ee ee 

a aes ives Oe Le oe 
ee bt eee eee Be 
































10, 


found cetiafvetory for ahipment ead eorego of pemenenantac, or 
use with eoncentreved (80 to 60 per emt) peroxide, nll surface 
Togilred preconditioning by on acid wah follomed wually by a 
Glainless steal types 304 au) 006 ore eultebLe seteriale of eanetrae~ 
tion for proces? equipments -yrex ond elwatu 29.6 per cent plus 
ero pablisfestery for starego contelners. Leroseal. and polyoshylene 
exe Suitebie for greket outericls, Wilivone grease is setlefaetory 
e@ @ Lubricant amd coos act affect perdido, she stability of 
peracdice i¢ @ invewwe function of the amount of “2purities pre- 
(MLte gC the Giebllining eqeote tnvestigcted, phosphetes cive 
the boot mas.dtc; bub shove « cartein eeentration, af@itione? 
@aumts ineross®e the rate of decomporition, Consentreted peroxide 
commot be "cetenetag" Uy shock unless omeente octerials cleo cre 
prevent. 

Une of the Tivst solid sropelleate used in rocketa was black 
pemer contulining about 75 yer cent robessive nitrate, 15 per cewt 
Chereoel, asd 10 per cent sult. It wes berned in the roeket 
apbor clhember without sir; texpersture of combustion being about 
5,000, Dowever, Guring the poricd tron 1965 to 1915, this bleek 
poader propellant beocme obsolete duo to the diveovery of ankeless 
praler with ita bicher enamgy contest end the motellurcicel o@rences 











Se ae Vere he ee OK ea ee 
few Me uel he me TF ee ee ee oe 
mre a! Ure er 1 Lee ae oy ee ae yee 
ee ee DB Soe See 
web Ue Aw oe oe ae Dee pew A 
Se we Ot Late ene de (dry gy 
ee Laine! ke lee eee See A 
ALOE A me Ted? We abd cet ta te 














for ve0 08 containers for this newer, more roworful fuel. 

Rerly in the oxrperimental work prolininary to the devolomsent 
end production of scliventiess solid pronvelliants for ‘orld ver II 
rockets, it wee recomiced that eae now typo of rocket power would 
be required, t thet tine, exmokeloss powler wan being produced 
mostiy by the solvent process in whieh the coliciding action takes 
pleee through the setion of a mixture of ormenie solvents thet 
ere leter removed om! recovered efter the powler has been crenuleted. 
While tho solvent-type prepelient wea ectisfeetory in certein wea- 
pons like the “bexodke", it did not meet all of the following re- 
quiranents for e aetiofectory solid reeket propellent: 

(2.}) I% mast give « relotively long burning tim--2 rocket, 
unlike a ehell, cerries ite seutee of enersy ond ite 
coxhustion ehember while it is in fTlirht. leche role 

of gas pressure over es long a peried ae coarible; this 

tn turn keops dow the weight of metal in the chanbep 
oy redueing the pressures thet the ehember must etend. 
(26) It mast burn ct ec uniform rote<-it is eerenticl thet 

the rate of ees production recein steady éurinc the 

extive period of oreretion. 

{Se} It ahenléd be auckeless, 

(44) It mast funetion et reletivealy low oreseure--the walle 
of the rocket motor must be as thin end lickt ss possibile, 
to peemit the eerrying of the moximm "yey loeé" of 
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explosives in the wer head, 
(S,) It must function satistectorily over a wide rance af 
tanperatures,© 

The Limitations of the solvent process provented the use of 
this method of menmafaeture for the production of cropellant units 
maeh larger thon those mode for the "bezooke"”. It ie diffiedt 
af not impossible to renove e12 of the solvent fran large web greins, 
tada violates the second Listed rovuizement, boesuse the presence 
of Holvent reéucen the wwming rate of the nowler and the layer 
ecnteinings tha most solvent io ct the erectest dictenme from a 
surface, hile this method orokibited the use of nronelicnt creins 
of lorre cross-sections, the smaller crosc-eectioned powlar had 
edventages in thet feciiities were readily evaileble for memfecture 
of lerge cuentities of this type of power em] such prorpellents 
with anol] webs were guiexor bwening. Umell wooe is an inportent 
feoture in weayons Like the "besodia", in which pamning ie eampleted 
in the Temeker tube, not only to prevont the operator from being 
buened by the flome, Dit cleo to cive iamroved ecenrney to the 
projectile. A quielk-Gurning propeliet, waieh esuses o rocket 
to epproveh its mexinam velocity before 1t Leaver its Lewmaehing 
qpulde, rids in tproving tho cemrmeay of a rocket Sired fram a 
stationary leemoher, since fing of practical alse do not exert 
eppresiable restoring forees on vhe reojectile exeept et rolatively 
high velocities,” 
In searechiac for a fuel thet would moos «12 of the roquivemsnts 
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of a roeket propellent, a eolloided, solventicss nitrocellulose~ 

nitroglyeerine propellent was found to be the most aetisfactory. 

This type of materiel would give » lich spoeifie ionalec ond could 
bo manufsetured with enough nitroglycerine to plesticisze. the uitroe 
esllulose without requiring the we of rolntile solvante or loxmge 

amovets of inert jloptieisors, 

“he process now used for the mreduetian of the solvantless 
propelians ia os follows: "The nitrocotton is menufeetured to 
elowe tolerences 26 to nitrogen content, Tinenses, visca.ity, 
solubilivy In etig7l ealeohol amd stability, ont is delivered to 
the mixing operations with e hich but eonstant molature cartent, 
It in then delivered into a mines tank with « cone agitator ond 
alurried with ton times its weight of water, The roguired cmount 
of nitroglyeerin i6 introleed inte the slurry through e lead 
distributer delivering i+ dropwise so 1% will be taken up inmed- 
Letely by the nitrocotten. | 

"The modifying chacienis ere hawcenizes with ieeter in a eslloeid 
mili © om emuicion of the consistency of thick croem ani then intre- 
@aeed inte the slurry mix ond acitetion continesd for thorouch 
wixing end uniform distrioution, The slurry le then dewntorad 
in a eentrifuce] wrineer dows to WH por coms exuti the materiel is 
bagued awl dried dew, to a moieture eomtent of 6 to 10 per conte 
Sineo the molcture verics throughout the drying container, blends 
of siseable quantity are ande to insure Cslivery of uniform moiste 
ure content materic] to the next operation, Im this blending 
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operation, 2 smell quantity of =ater-eoluble inprodiest is added. 
The blended pnete in weighed in 6) pound inerauents wiich ere de- 
iivered to l4-ingh by M-toch Mfferantial rolling uiile with heated 
DOl16; a8 the water is enoked out, the mterial colloide. The 
fheet of delivered fran the mill is abowt 0.090 ineh shiek, 14 
inehes wide, md 10 fort long. Dwo of these eheota are then eam 
bined om ei oven-spee! rolling Adil with a single sheet of resorked 
smterial to cive a finiabe’d shect weiching sbout 15 pomés. This 
ie penoed trough & elitter where it is cut ixte strips fran 4 
to 6 inches wide. TROSe Pass +9 © heated roceiving end indpeetion 
tedle oad from there to an ingenious earpet-rolling mechine vhich 
preperos tight carpot reils of the diameter of the prees baeehet. 

"Tithout pemaltting tha anterial te lose tempersture i+ is 
chemged inta samoth extrucdon creases, oll-dreulic driven with 
tneted Darkane wad weter<gughoted fies, cal oxtruled inte the 
Gecired shape for final wie under a pressure of about 6,000 pounis 
per squeré inch, The yrweeses are looeted in bowbrroot »ocms with 
SS inch reinforesd conerete wells ond cre operatad by resctoe ean 
THOR» io operators are allowed in the press roan during operation. 
& Morel, charge consists of 120 pyouda of pwnler et e tonperstare 
of 120° r., with the Che temperature eld et 120° 7, The extrusion 
eFcle wili Lost perkene fifteen mimites,. 

“It is om interesting fect thst the eross-seetion of the ome 
traded stromd wlll be lapger then the die anf the provliam of correct 
dis desien hus been erities] sinee the Cimenstonal tolerences on 
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the product ore of the order of a few thowsendths of em ineh. At 
the completion of an extrusion, the rem is withérewn from tho prees 
end the operstors rocharge the nrees cnd evt tho extruded strand 
into lengths teet ere slightly oversize for the finel ecrain Cinmen- 
sion, Since internel fiscure in tho finished product 1a Cetrimentel, 
@ech plece is then examined ly uray or ly a recentiy daveloned 
Supersonic device oud all Cissured grains cre returned for reworl:, 
ACCOPTGHLS erains are enncaled to relieve internal stress ani to 
stabilise dimensions aNer whieh they ere cut to oxest weicht or 
to exact length, cubmattod to various willing, machining end gaue~ 
ine operations ang finalisy peeked in a moisture-tisht container 
for shipment. This letter requirement comes from a necessity to 
use this almost non-kysroescoplie material 2b a roisture level well 
below ite ecuillbriua point. For the seme reason, ebnost all oper 
ebions are conducted in air conditioned zoons.«% 

BZerly in the protuction of solvontiloss powler it wee found 
thet under certain conditions some erretic results were obbained, 


i study of this problem led ts the aiseovery of the vory intorest} 





osonon thet pertially burned trropellant sticke showed fiseures 
ond “wormaoler", both evidences of umeven burning. It wes found | 
that this erratic burning could bo reduced by cxporing the cordier 
sheets to the sun. Yhe power contained the enmon stcbhil ining 
agent, diphenylasine, ond tre sumlicht, by causing a pertiel de- 
composition of this compound, derkenod the skects. In or@er to 


determine whothor the color was producing more uniform performenee 
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16, 
er whether this uniformity waa due to some other emuse, © der nige 
4 Plsusivho explemation of dhiw effeut is lust tie texpernture of 
the sowler ewurfsoso which 4g about te burn sunt be raioed ubove 
ite ignition point. chis Le secoampliched primerily by exntuction 
ond radiwiion of heat from the flame, Lo be efYective in vesting 
the powler, the radiation aust be abeurbed, md tic is fcvowad 
by tho proseuce Of a desk vigment. In a perfectiy trensperent 
propellent, there would ce a0 redietion efiest, Desever, vere 
emg siweyt @unlj perticica of umcollcided mutericis wiieh will 
evecrh sutriclent hoet to iqmite the provellent coll below the 
bumming marfaee rosulting te the developwut of «mil fiemmes 
waiekh rapidly beeaxae lurger oo curming progresses. These Slesuves 
erontuclly oWizmioate <ith she cxtside of the grain amd inereuse 
ite vemilug cron, rewulting ia the orratde fumeticniag of the roe 
het, Un ie othor nan, the inelusion of a pigment in the propel tent 
unifomn buraing ie utteined,® 

"I> Ineo Lome been known that gclte of om eleali moval etded 
&) Gagkelest. power tenl tc give reduced fleshes when fired fron 
cenmon, It ws found thet the use of euch « Belt in rocket propell- 
ente tend not omy to deoresse the intensity of the rocket flame, 
wet also to inprove cectain bueming cherseteriotice. Th is sup 
poanl that the beneficial effects of those selte remit °ram the 








17. 
inereased rediant heat of the flaws due to the presence of ince 
descent selt particles, In genera), potapeium eulte ere new ine 
eluded in mat recket propelicnte, ‘They ere used for euch purposes 
besumse of their low hygroscopieity. 

“with respect te the umeps of these propallent graias, 1% 
is aprent thet the perforstel orlinders #411 meintein a nearly 
ecnéten’ Purning area; for «s the outer curfaee uren Geerouses 
Garing burning, the surface of tho yertorotimm through the center 
Of th® graim ineresveu, This is desiravlo it rewvita in eon 
Stent preseure functioning of the recket wal oliminates tnetfleiant 
OverUesigniug of the motor tuse based an a pol: -caseure vcther 
then a constant meximen preseure, Lovevex, in onier to uo sore 
geonemieeliy the speee within a civen sevor inbe, ereins of obhep 
erossesections, cocigned te buru imwari crom thelr outer swrfoee, 
hawe been cesvaloned. vita any design of an immré wurniag grain, 
it cen be geometriesily shomm thes Vee buesing oto. mut decwase 
ef unrestricted bumiing progresces, in cater to uvodd vecressive 
mining, it le necessary to inhibit cortaln ourfsce ateee o° this 
fome of propellmi, his ie aeewyliczcd ny caretiag these scess 
with am inert or very slow burning wetcoiel, 

Halong wlth the development of peopeliente for recieves, od 
vemees were made in tie field of chestical onclysis anf icote, 
quentatetive ead qualitative amelysirs of the dugeelierts of sree 
pellets by chrametngrephie ezperation :.o been Jevsloped to a 
high degree, omi stability teels Leve been dsovised mmé bmored, 
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Chromatographie enalycsis ws originted ty a Nusuian dotentst, 
Tewett, in 1006. DBeeause this methd of onslyeie 16 somehet umeK 
usual, a brief Geseription will be of interest, The method is besed 
om the veperatica of the coustituonte of a solution by ite widim 
ection] flow Gwouwh e solimm of witsbaet., The chranstocranhie 
eoluem is fommed by Meirlal « clues of te Menrhent inte oe eone 
venieut-eisel o7lindrica (lure tube, @ everamm sise ture being 
ebout ons inch Ia dlemmtor oi tes ingieo toe. The edeorbant 

d¢@ pecied ly strong wuction into «© eslid colum, resting om e« plug 
ef cottom im tho botoan of the tude, 

“Aton Vhé coli! hat veen “ronirs’, the -iogure to be melreed 
46 cisseived in c Quill volete of somo snlactad solvent fram whieh 
the substames will ho oteoue}y adeotbed. The cotution ia voured 
wpom the edsorvent ani ¢2.um vy combinwous onetion inte the eolwan,. 
pen the subsoquest wliition of cortiew of the fame or of a aif} 
ferent. solvent, the adourbod owbetences migreto alowly et rates 
whieh denend upon their redpestive oduorpticn affinities, hen 
the protedure is completed the vericu® solvten ave Adatributed 
tamwwpwut the edsvrvent im » rerlom of exll-dePined sones, sep~ 
epated frau exch ouher “yy ~ortions of the eolem whieh ere free 
of adsorbed oebericl, .26 most chmonchy adsorbed eubetenee will 
Be nestewt tLO to; end tho mowt weeltiy adeombed nearest the bottan 
of the colwai, “bdr rasovel of the coltmm from the tube, the 
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sgent waich romovee the edaorbed mterial from the ndsorbeat. Tho 
pesnulting Solution in seme ted tron the edwarhert by filteetion, 

"Among other uses, chramtocrankie eorenetion haw be#n of 
creat value in atabiiity stu@ine of m™yelletta, Deexrmneiticn 
of a vropellent mev be nensure4 by tho Jetominetion of clans 
im ite stebiliser. The stehiliszer is umeliy nresent to the ome 
tent of chout 1 ner cent, ond obviously ite (seer oaltion mmelocte 
world be hard to serernte end anwiyse, Buh et loest clertee: dam 
ivatives of dirhenylesrine heve been sop-rate? ty chro torrente 
means, end considerable information has ostotoed to chew tho aayhene 
fem of powler ageinn.”? 

mokeleas power is not casy to irmites neither choel nor 
heat will easily initiate burning, However, the vropeliest of 
& rocket mast be consistently end eommlictely ienited within a 
very fow millisevonds. “ueh ignition is pertioulerly irmortent 
whea roekets are fired from plones, besoume mm opprecicble deler 
jm petting the rockets awry would cause the rosimt to overchect 
its tengo.” 

fo ignite the socket provellent rroverly, bleek poeier in 
@ container within the rocket retor is infleaed by the anit frm 
em SlLectrie squib. The bleek powler is ‘uyrroseopies to keep it 
Gry for proper functioning, it must be sented in a moisture-sroe? 
contciner. The first Navy imiters eamtoved a contalowe made of 
brass crismed over 2 cellulose sestate corer. Tt wee found @i fq 
fieult to fom a permanent weter ticht seal between the hooes and 
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the plastic. Later, icnitera were molded entirely of eeliuiose 
thie, with the uso of cement, provided a emug, wtertight, cerew 
fit, It was found, however, thet the collulloees saetete ebecorhed 
oonsidorshly. rests were conducted on vorious Dlestice eompopitions 
to find a suitebdle materiel which hed low nitroctyecrine ebscrgtion, 
Certain othyl cellulose formiletions wers frmd to areve this de~ 
sirebdie property, end this material has now rerlesed cost of the 
COLlULOMe acetate, faotaer moterio] which has «xm into «ide use 
for iiter cases in tineplated sleet motel,” 

DLeficulties with same of the first isniters were traced te 
the wisk-Like octlon of the fabrie inewletion on the load wires 
cuming fran the squib. Moleture traveled throuch the inevictiong 
into the match composition of the aquib end desensitized 14, This 
“Mi corrected by the uso of a plastic inevlaties.7 

AIR STREAM SST PORES 

The three types of air streem jet engines are piibe in tuel 
requirements. It ie necoesery only that tho fuel cossees hick 
beating velue ri thet it be capable of boing fed continuously 
to the combustios sone, Preetically, this means that the fust 
mms be liquid under the conditions ef use, The feeding of soisa 
fuel, even in tinely Civided powler fonn involves comm iceting 








Aer ee tn ya ee baw 1 ort ree fem wee 
re eS 
— 2 yee oer 6 RORTTET? pee By em ol Ge cer 
ee ee ee ee ee 
Der he te oh Es ee 
tenes Se OI Pate me One | .Qtere 















tl el li ll 
See eal Amd rel? Ot Sale Oe tet 








tm si aeM> = Ok Oe aS wo & ae ower 





Os wae far rte a ce O eR 
ee ee | 
Ce OE ee a) ee Le OTe a ae 

Rktee DD ect ee te inten one ee Mant) wt ou ‘ 
aR Lee eee ee me Me De ne 

ae Ne ee VR ee Ot ye 

—— 2et The FY mee a he ee Cee er we 





¢ 








aL. 


end pressures can be used in liquififed form provided the weight 
of the container neceseary to hold tham ie not too erect for pree- 
tical parpoaes, ‘These ere the only muling criteria in fuellag jet 
ef COUTS?, CNet opm Ticatiows eo dewitelin frame a prectical stend=— 
point = to be virteal noceseltios, oh lhe paw fuel ual the 
proluste of casourtion mast Se froo fram ovlid seieewive perticeles 
Vhat sock’ erode the secbeniae, Td presence, for exmylc, of 
edlies or of cambined ailicen that would reect im the Meme 6 
fomma #ilien is « eerious drawheel: to my fuel. “Stuer cleweste 
glelding similexiy ebruzive oxides mast be ecelvdel, Jost at am 
tremely hich rolocities iz elso Lemstul., The fuel must rieewia 
Layeid et the low tenmperniurwes oncowrbered in Might a high al- 
tétwiee, This requiratert ie mot Uy wag, Pot Uy no meene 024, 
of the commercial kim 
giired tempercture of ~10° 7, is charueteristic of gaeolines end 
moplnes, but seme Kerosene: bees slugeieh ce sclumily congerel 
in tLia low teweretare rence,4 

“be flesh poimt of the ‘uel should be Digh emough te elininete 
Cimger im carrying the fa@2 in a plene. ‘Teenline bee o fiash pois 
weloe pommel vutmegyGeric tanvarstures «ani tus ite use imrolves a 
tameek 42 wiyhotien chidh te purvhndinity cuntews ta aflheay sous 
salitery plane call for of high flesh: point a4 preetiesble, In 
jot fue], thie cen de 10H" Fe If the flosh point is mde too high 
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the fuel iw likely ta froese under operating eonditious; cunver- 
OMly, too lor o pemived Sreoming point leads to the Laclusion 
in the Caul of hylesvcrtoms Wich untuly lower ite fies point, 
Fisa® yoigt is releted to volutilivy aad s low fleeh point fe 
nepossery for the proper vajowiention of m fuel in 3 ea#burctor, 
Wluh ie ayy oeyulred uy jot enciaos.* | 

The eriteriun of « eleun feel whieh surns without enasider 
chLe Fesitsc iu osmily met, but the eaubinution of low volatility, 
oni cunooyuently high flesh polad with em exeessively low frees. 
ing polot, is sauctiaes eomsidersbly more difficult to neet with 
Peeoticatle Simls, Tither rejulrenemt alaae uoald percit che use 
of lemanse volumes cf pobrolour prodwits alresdy uvellebie, but 
the cocbinetion of the two tn co singhe fucl practically requires 
that it be ompeciclly refined fer the purpose ond thus mekes i¢ 
@ wpecics cuet,* 

{380 wwential to the efficiousy of a fuel is jet engines . 
of yaesent design ie the ebilivy of the fuel to vue in adiute 
mixtures with the lence volwaes of ulr used, very eunbestébie 
minsvenee requires e definite proportion of cir for ite eamplete 
burnin, ol 1: will urn in mixbuves beth more ooneentresea amd 
mors Gilube tem the ideal, Sowever, owteize a definite cheracbers 
Astic mengo of coneentvetions, it will met buen 0@ nl, che ren 
qirenent of high dilution to keep tegeratwes dom in jet engines 
Limite towblo fuele to those eapeble of turning ot Cilutions nees 
eGeery ve meet teupsrature restrictions, chile this edas to the 
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complexity of the fuel problea, it still leeves a fairly wide sel- 
ection available to the eugineer in bis efforts to prodwe sotis- 

ipocress in the devolopmeat of fuel for uso in turbojet oncines 
bes beon made publie by bell 011 Camany, Inc., which bes e Leb 
aratory devoted to those proviens at Yood fiver, Illinois, Cucte= 
tions fran a recent reess relowee ere gives below: 

“He chief difficulty with tae gas turbine io, of course, 
Gepends an the menge of temperature throage whieh 1¢ een operates 
ond, wntortimetely, the turbine comet at present hendle a temper 
ecure muok io exeess of 15009 F. Ta onier to bring the temereture 
Gow. to thet level, we have to supply a very lexgo aooust of emeens 
air, amd since considerable energy is requiwed to introduce late 
the eoubustion chambor, thio males for less over~ald ottieteney. 

“The gas turbine gsacrelay wuras a high-grade kerosene, and 
altnaough ite reguiranonts may aot be as rowteictive sa these of 
we pregent high-ou$vut cdeton engines, it will nevertieleun VW. 
Set srobless of cowvustion and hondling. smy old fvel #412 olmpet 
certainly not do, because the wrong fuel will soct or cole the 
Ganastion clamber end fapuie the over-all efficiency. 4 wilh 
alao reduce the life of the chanber, a very inyortont point tf 
the te@ tursiue is to teaze its pighttal yleee in exmpetistive eax 
mercial service, 

"in view of the 
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bine, the o11 cormenies have esuse to investigate the possibility 
of producing ca fuel with e very bigh eelorific value por unit vol- 
ume, since we con Geel more readily with wolght then with vulk 
in the modern high-speed airplene. Unfortunately, problew in 
hemiling, such a6 low-tomporeture viscosity and freezing joint, 
limit ue in thie direetion. In view of e11 faetors involved, 
4% soems iikely that a light kerosene will turn out to be the most 
setisfaetory fucl for sos<turbined elrereft, delivering its power 
either through a peopelior or a jet or a cambination of both, 

*it should not be imegined, however, thet cas-turbine fuel 
will necesserily be choap whem celivored into tho cireraft, It 
1s true thet the price of kerosene 1s considerably less then that 
of loe-octene gesoline at the refinery. ut the shipping end 
distribution costs of kerocene avs likely to be mach hicher beeease 
of its amller voluse, so that the fine] priee of the herosene 
am it 1e peeped into the sirereft moy be onig slichtly lower then 
that of gnsoline. 

wThere ie nleo a tendeney to over-ermnhesize the rolative safety 
of kerosene over co@oline. It is true that kerosene will bo safer 
in mexy reopacte~-perticularly in the rate et which a fire spreais, 
once it is sterted. owever, korosene is essier to ignite, end 
a gos turbine hea many nore hich-temporature ecurfeecs from whieh 
denition con stert then a pieton meine, Thus it is quite possible 
thet there would be a creater ineidence of minor fires in a jot 


edroreft, elthough probebly a eller incidenes of serious onea,°® 
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S41 of the iotorsetion contained in this sesey ts of aa wa 
elessified navure, Meving weou relewed to the yublie Wy che Uv. 
anead Yovees, It 18 very probebie thet a comcidemble quantity 
of weyro advensed «iv, Ceceliwd dntommtion cusoerming fuels for 
det proguivion hee 20% yet veee volessed uy Gam. 1% wll ve 
interewting to ubserve lhase further uotvedle wt Lbey sew roleceed 
Oven time bo (ime in the future, 
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